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® Temperature controlled centrifuge. 

A temperature-controlled centrifuge in which a 
heat exchanger is attached to the bottom portion of 
the centrifuge bowl to remove heat from the bowl 
and materials within the bowl interacting therewith. In 
one embodiment, a heat exchange plate having a 
plurality of substantially annular channels is appro- 
priately attached to the bottom of the centrifuge bowl 
and has a surface which Is thus substantially co- 
extensive therewith. Each of these channels are po- 
sitioned at different radial distances from the central 
axis of the heat exchange plate and each extends 
substantially about such axis. An appropriate heat 
transfer medium may thus be circulated through 
each of these channels to thereby substantially con- 
trol a temperature across the entire bottom of the 
bowl. The heat transfer medium may be provided to 
each of the channels by a common feed inlet which 
also allows for the use of flow regulators where 
appropriate, and the heat transfer medium may also 
thus be removed from the channels by a common 
dump line. Consequently, coaxial conduits may inter- 
act with the bottom portion of the heat exchanger for 
interconnection with the common feed and dump 
lines. 
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Field of the Invention: 

The present invention generally relates to the 
field of centrifuges and, more particularly, to con- 
trolling the temperature of a centrifuge and materi- 
als contained therein during operation. 

Background of the Invention : 

In centrifuging apparatus, 

constituents/components of a given material (e.g., 
liquid solutions/mixtures) can be separated based 
upon the variation of their respective densities and 
the centrifugal forces to which such 
constituents/components are subjected. Generally, 
the material is positioned within a centrifuge bowl 
which is rotated at a speed such that the various 
constituents will effectively assume a radial position 
within the bowl based upon their respective den- 
sities (i.e.. constituents having higher densities will 
be closer to the rim of the centrifuge bowl than 
those having lower densities). 

During rotation of the centrifuge bowl, which is 
often at relatively high angular velocities in order to 
generate the magnitude of centrifugal forces need- 
ed for separation, the temperature of the bowl and 
the materials contained therein may undesirably 
change. For instance, certain materials and/or con- 
stituents may experience undesired degradation at 
ambient temperature. Moreover, certain tempera- 
tures may have an undesirable/adverse effect on 
certain reactions/processes which take place during 
centrifuging, or may actually cause an undesirable 
reaction amongst certain of the constituents. In 
addition, certain temperatures may impede the 
separation of certain constituents from the remain- 
der of the material by centrifuging. 

Based upon the foregoing, a number of alter- 
natives have been explored for establishing and/or 
maintaining a temperature of a centrifuge and thus 
the material within the centrifuge bowl. For in- 
stance, it is known to enclose the entire centrifuge 
within a temperature-controlled housing. More par- 
ticularly, the air within the housing is maintained at 
the desired temperature so as to maintain the cen- 
trifuged material at such temperature by convec- 
tion. In these types of configurations, given the 
heat transfer inefficiencies of convection utilizing air 
as the heat transfer medium, it is important to 
maintain an air-tight seal for the housing in order to 
maintain temperature control. Consequently, any 
opening of the housing to remove and/or add ma- 
terials to the centrifuge will thus affect the housing 
temperature, and upon any subsequent closing of 
the housing a certain period of time will be re- 
quired before the desired steady-state temperature 
is once again reached. 



In contrast to attempting to maintain the tem- 
perature of the entire centrifuge by utilizing the 
above-described types of temperature-controlled 
housings, other apparatus have attempted to di- 

5 rectly cool or heat only the periphery of the cen- 
trifuge bowL For instance, U.S. Patent No. 
3,981 ,437 to Hemfort et al., issued September 21 , 
1976, discloses positioning an insert having a plu- 
rality of circumferentiaily spaced ribs against the 

10 outer wall or drum of the centrifuge. The ribs form 
a plurality of passageways between the insert and 
the drum such that coolant may be injected in and 
flow through the passageways. The coolant flows 
through the passageways and is discharged 

75 through a plurality of radial ports in the drum for 
engagement with a stationary casing which is 
spaced from the rotating drum and which incor- 
porates a cooling jacket to reduce the temperature 
of the coolant prior to its recirculation to the periph- 

20 ery of the drum. 

Temperature control systems have also been 
incorporated on other types of rotating apparatus. 
For instance, certain analyzers are available in 
which a plurality of cuvettes are positioned on an 

25 outer portion of a rotor. These cuvettes typically 
have a relatively smalt volume for receiving at least 
two different constituents which are initially main- 
tained in separate but interconnected cavities in the 
rotor. As a result of the centrifugal forces created 

30 by rotation of the rotor at a certain speed, the 
constituents from the separate cavities enter a radi- 
ally aligned cuvette. The reaction of the two con- 
stituents in each cuvette is then monitored and/or 
analyzed. Since the reaction of the constituents is 

35 often temperature-sensitive, heating devices are of- 
ten employed so as to maintain the peripherally- 
positioned cuvettes and their constituents at a cer- 
tain temperature. 

Various temperature control alternatives have 

40 been explored for cuvette rotors which are gen- 
erally of the above-described type. For instance, 
hot air has been used to control either the tempera- 
ture of an entire housing in which the cuvette rotor 
is positioned, or at least the space between the 

45 periphery of the rotor, which again contains the 
cuvettes, and the rotor housing. U.S. Patent Nos. 
3,916,152 to Hinman, issued October 28, 1975, and 
4,135,883 to McNeil et aL, issued January 23, 
1979, are generally representative of these efforts. 

50 Other apparatus have incorporated heating ele- 
ments directly on the periphery of the rotor sub- 
stantially adjacent to the cuvettes to provide for a 
conductive heat transfer as representatively dis- 
closed in U.S. Patent Nos. 3,856,470 to Cullis et 

55 al., issued December 24, 1974 and 4,256,696 to 
Soodak, issued March 17, 1981. 

Notwithstanding the foregoing, there remains a 
need for a temperature control system which may 
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be readily adapted for use with centrifuges of a 
variety of configurations, and which effectively reg- 
ulates the temperature of substantially the entire 
centrifuge bowl and nnaterials contained therein 
without significantly impacting the structure of an 
existing centrifuge and/or without requiring exten- 
sive modifications/additions to the centrifuge and 
its surroundings. 

Summary of the Invention: 



The present invention is a temperature con- 
trolled centrifuge for regulating the temperature 
across the base portion of the centrifuge bowl, and 
thus substantially the entire spectrum of materials 
contained within the centrifuge. In one aspect of 
the present invention, a heat exchanger is attached 
to the base and thus rotates with the centrifuge 
bowl. Preferably, the heat exchanger has a profile 
which substantially matches that of the base por- 
tion, and is thus effectively coextensive therewith to 
enhance the heat transfer from the base to the heat 
exchanger. Consequently, a heat transfer medium 
having a desirable convective heat transfer coeffi- 
cient may be circulated through the heat exchanger 
to change the temperature of the base. As can be 
appreciated, a heat exchanger of this type may be 
readily adapted for use with a variety of configura- 
tions of centrifuges and only requires limited struc- 
tural modification of the centrifuge to accommodate 
the attachment of the heat exchanger to the cen- 
trifuge bowl. 

In another aspect of the present invention, a 
heat exchanger of the above-described type com- 
prises at least two separate channels for receiving 
and directing the heat transfer medium. In order to 
enhance the heat transfer efficiency, an upper sur- 
face of these channels may actually be defined by 
a surface of the base portion such that the heat 
transfer medium is directly applied thereto. These 
channels may also be substantially annular and 
concentrically positioned about the rotational axis 
of the centrifuge bowl, but at different radial dis- 
tances therefrom. This configuration provides a 
number of advantages, including maintaining the 
rotational balance of the centrifuge and providing 
for an effective distribution of the heat transfer 
medium. Further in this regard, a common, radially 
extending feed line may provide the heat transfer 
medium to each of the channels. As a result, flow 
regulators may be incorporated to control the vol- 
ume of heat transfer medium into the individual 
channels where necessary to further accommodate 
for the effective distribution of the heat transfer 
medium. 

In another aspect of the present invention, a 
heat exchanger is attached to the base and a heat 
transfer medium is circulated therethrough. Prefer- 



ably, a surface of the heat exchanger is substan- 
tially coextensive with the base and a heat transfer 
medium having a desirable convective heat transfer 
coefficient is utilized to enhance the overall heat 

6 transfer characteristics. With further regard to the 
heat transfer medium, it is introduced to and re- 
moved from the rotating heat exchanger through 
conduits which are substantially concentrically po- 
sitioned about the rotational axis of the centrifuge 

10 bowl. As can be appreciated, this configuration 
reduces the amount of space required in direct 
proximity to the centrifuge and does not have any 
significant effect on the access to the centrifuge 
during operations. In fact, this particular coaxial 

75 configuration about the rotational axis of the cen- 
trifuge bowl may be readily incorporated into the 
drive assembly commonly used to rotate the cen- 
trifuge. 

One embodiment which incorporates all as- 

20 pects of the present invention generally includes a 
centrifuge bowl having a base which extends radi- 
ally outward from the rotational axis of the bowl to 
an outer wall or rim. A heat exchange plate is 
attached to the bottom, exterior portion of the base 

25 and is substantially coextensive therewith to en- 
hance the heat transfer from the base and to re- 
duce the space required for adapting the present 
invention to an existing centrifuge. The heat ex- 
change plate includes a plurality of substantially 

30 annular channels which are substantially concen- 
trically positioned about the rotational axis of the 
centrifuge bowl, but at different radial distances 
therefrom. Consequently, the rotational balance of 
the centrifuge is substantially maintained, even 

35 while a heat transfer medium is being circulated 
therethrough. In order to enhance heat transfer 
efficiency, an upper surface of these channels may 
actually be defined by the bottom of the base, 
although the channels may of course be a closed 

40 system within the heat exchange plate (i.e., in the 
closed system the heat transfer medium is com- 
pletely retained within the heat exchange plate and 
does not directly engage the base). 

The identified plurality of channels accommo- 

45 date for an effective distribution of an appropriate 
heat transfer medium (e.g.. one having a desirable 
convective heat transfer coefficient) throughout the 
heat exchange plate. 

In order to further enhance this distribution, a 

50 common, radially extending feed line may provide 
the heat transfer medium to each of the channels. 
As a result, appropriate flow regulators or orifices 
may then be incorporated to control the flow of 
heat transfer medium into the respective channels 

55 in a desired manner. Therefore, the heat transfer 
medium may flow through each of the channels at 
a desired rate and then enter into a common, 
preferably radially extending, dump line for removal 



5 



BP 0 566 252 A2 



6 



of the heat transfer medium from the heat ex- 
change plate for cooling or heating, and recircula- 
tion. 

In order to provide the heat transfer medium to 
and remove the heat transfer medium from the 
heat exchange plate in the described manner, this 
embodiment of the present invention utilizes two 
coaxial conduits which engage the central portion 
of the heat exchange plate substantially about the 
rotational axis of the centrifuge bowl. These coaxial 
conduits thereby further allow for the maintenance 
of the rotational balance of the centrifuge and for 
the present invention to be readily incorporated into 
the drive assembly for the centrifuge, thereby not 
significantfy affecting the space requirements of the 
centrifuge. The heat transfer medium is thus 
pumped through one of the conduits, preferably the 
innermost, under pressure and is provided to each 
of the channels through the common feed line. 
Based upon the channel configurations and/or the 
flow regulators utilized therewith, the desired flow 
of heat transfer medium through each of the chan- 
nels is thereby achieved. The heat transfer medium 
from the plurality of channels thus flows into the 
common dump line which directs the heat transfer 
medium back toward the center of the heat ex- 
change plate where it exits therefrom through the 
other of the conduits, preferably the outermost, for 
appropriate cooiing or heating, and recirculation to 
the heat exchange plate. 

Brief Description of the Dra wings: 

Fig. 1 is a schematic, cross-sectional view of a 
variable volume centrifuge; 
Fig. 2 is an exploded, perspective view of one 
embodiment of the temperature controlled cen- 
trifuge of the present invention; 
Fig. 3 is a top view of a heat exchange plate; 
Fig. 4 is a cross-sectional view of the heat 
exchange plate of Fig. 3 taken along line 4-4; 
and 

Fig. 5 is a partial longitudinal cross-sectional 
view of the temperature controlled centrifuge of 
Fig. 2. 

Detailed Description : 

The present invention will be described with 
reference to the attached drawings which assist in 
illustrating the pertinent features thereof. Generally, 
the present invention is a temperature controlled 
centrifuge in which the temperature of the base 
portion of the centrifuge bowl, and thus the materi- 
als which contact, directly or indirectly, the base 
portion is controlled by a heat exchanger which is 
attached to the bottom, exterior portion of the base 
and thus rotates therewith. Although the rotatable 



heat exchanger may be incorporated upon a vari- 
ety of types and configurations of centrifuges, the 
present invention will be described with regard to a 
variable volume centrifuge, the operating principles 
5 of which are generally referred to herein. U.S. 
Patent No, 3.737,096 to Jones et al., which has 
been assigned to the assignee of this patent ap- 
plication, describes one type of a variable volume 
centrifuge in more detail, the disclosure of which is 
10 incorporated by reference herein. 

The general operational principles of a variable 
volume centrifuge are illustrated in Fig. i. The 
centrifuge 10 includes a centrifuge bowl 14 which 
is effectively an upwardly opening container having 
15 a base 18 and a rim 22. The centrifuge bowl 14 
receives both the particular material to be cen- 
trifuged, including any additives introduced therein, 
and the fluid 54 which varies the volume of the 
centrifuge bowl 14. In this regard, the centrifuge 
20 bowl 14 is separated into upper and lower cham- 
bers 34, 38 by a substantially flexible membrane 
30 which is appropriately attached to the base 18 
at both its outer and inner, central portions. 

The lower chamber 38 of the centrifuge bowl 
25 14 is fluidly connected via the interior of a rotatable 
centrifuge shaft 58 to an appropriate fluid source, 
such as a hydraulic fluid reservoir 42, pump 46, 
and valve 50. Consequently, fluid 54 may be intro- 
duced into and removed from the lower chamber 
30 38 to raise and lower the membrane 30, and thus 
vary the volume of the upper chamber 34 of the 
bowl 14. The upper chamber 34 of the centrifuge 
bowl 14 typically receives a substantially flexible 
container (not shown) for containing the material to 
36 be centrifuged. In order to allow for the introduction 
into and/or removal of various substances (e.g., 
additives) from the flexible container during cen- 
trifuging. the flexible container is interconnected 
with an adapter 66 which extends above a cover 26 
40 of the centrifuge bowl 14, the cover being appro- 
priately attached to the rim 22. The adapter 66 is 
thus connectable to various fluid sources 70 or 
collectors 74 which are isolatable from the upper 
chamber 34 by valves 78. 
45 In preparation for centrifuging. the flexible con- 

tainer is positioned and secured in the centrifuge 
bowl 14 in a known manner and the cover 26 is 
positioned over and secured to the centrifuge bowl 
14. The material to be centrifuged is provided to 
50 the flexible container after being positioned in the 
centrifuge bowl 14 since the flexible container is 
interconnected with the adapter 66. which again 
extends above the cover 26 for interconnection with 
one or more fluid sources 70 and/or collectors 74. 
55 When the material is in the flexible container, the 
centrifuge 10 is rotated by an appropriate source 
(not shown) which directs the heavier density con- 
stituents of the material toward the rim 22 of the 
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centrifuge bowl 14, while those lighter density con- 
stituents remain closer to the central portion of the 
base 18. At an appropriate time during centrifuging, 
fluid may be introduced into the lower chamber 38 
through the centrifuge shaft 58 to, for instance, 
remove the lighter density constituents of the ma- 
terial from the centrifuge bowl 14. More particu- 
larly, the valve 50 being closed, the pump 46 may 
be activated such that hydraulic fluid 54 is provided 
to the lower chamber 38 to raise the flexible mem- 
brane 30 and thereby force the lighter density 
constituents out of the centrifuge bowl 14 through 
the adapter 66. As can be appreciated, the hydrau- 
lic fluid will also be forced outwardly by centrifugal 
force when in the lower chamber 38. After the 
desired constituents have been removed from the 
centrifuge bowl 14, either other materials and/or 
other additives may have been processed or not. In 
the first case, these materials may be provided by 
means of an external pump (not shown) to the 
centrifuge bowl 14. the centrifuge going on spin- 
ning. The valve 50 being opened, the materials 
provided to the bowl 14 force, through the mem- 
brane 30, the hydraulic fluid from the lower cham- 
ber 38 to the reservoir 42. In the other case, the 
centrifuge is stopped and, the valve 50 being 
opened, the hydraulic fluid 54 flows from the lower 
chamber 38 to the reservoir 42, and the membrane 
30 lowers by gravity. 

One embodiment of temperature controlled 
centrifuge which incorporates all aspects of the 
present invention is illustrated in Fig 2. This cen- 
trifuge is a variable volume configuration similar to 
the centrifuge 10 discussed above and may be 
attached to an appropriate support (not shown) by 
a mounting 86. Consequently, the centrifuge in- 
cludes a centrifuge bowl 90, a drive assembly 130 
for rotating the centrifuge bowl 90, a volume vari- 
ation assembly (not shown) for changing the vol- 
ume of the centrifuge bowl 90, and a seal assem- 
bly 150 to account for the drive assembly 130 and 
volume variation assembly sharing certain compo- 
nents, namely the shaft assembly 194. However, in 
order to provide for the desired temperature control 
function of certain portions of the centrifuge bowl 
90. the centrifuge also includes a temperature con- 
trol assembly 170. 

The centrifuge bowl 90 includes a base 94 and 
a centrifuge rim 98 which effectively define an 
upwardly opening container for the materials to be 
centrlfuged. The volume of the centrifuge bowl 90 
is variable and thus the bowl 90 incorporates a 
substantially flexible diaphragm 102. An inner 
mounting ring 106 of the diaphragm 102 is appro- 
priately secured to a raised mounting surface 114 
in the central portion of the base 94. while an outer 
mounting ring 110 of the diaphragm 102 is appro- 
priately secured to the outer portion of the base 94. 
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The interior portion of the base 94 and the flexible 
diaphragm 102 thus define a lower chamber for 
receiving fluid through ports or slots 118 on the 
side portion of the mounting surface 114 to vary 
5 the volume of the centrifuge bowl 90 in the above- 
described manner. The diaphragm 102 and a cover 
(not shown), which may be attached to the rim 98 
as in the case of the centrifuge 10 discussed 
above, define an upper chamber of the centrifuge 
10 bowl 90 for receiving the material, which is again 
typically contained within a substantially flexible 
container (not shown). 

The centrifuge bowl 90 is appropriately inter- 
connected with the drive assembly 130 such that 
IS the bowl 90 may be rotated to apply the necessary 
centrifugal force to the materials positioned in the 
upper chamber of the bowl 90. In this regard, the 
drive assembly 130 generally includes a shaft as- 
sembly 194. which is attached to the bottom of the 
20 base 94 about a rotational axis A of the bowl 90, 
and a pulley 138 which interconnects the shaft 
assembly 194 with a motor (not shown) to impart 
rotational motion to the shaft assembly 194. A seal 
assembly 150 is also interconnected with the rotat- 
25 ing shaft assembly 194 such that hydraulic fluid 
may be provided to and removed from the lower 
chamber of the centrifuge bowl 90 by the volume 
variation assembly, through the shaft assembly 
194. to vary the volume of the upper chamber of 
30 the bowl 90 in the manner discussed above with 
regard to centrifuge 10 (i.e., the seal assembly 150 
accommodates for rotation of the shaft assembly 
194 or at least portions thereof such that the shaft 
assembly 194 can provide its rotational driving 
35 function and its fluid provision function). Based 
upon the foregoing, it can be appreciated that the 
centrifuge represented in Fig. 2 performs the cen- 
trifuging function similarly to the centrifuge 10 dis- 
cussed above. 

40 During rotation of the centrifuge bowl 90, there 

is a tendency for the temperature of both the 
materials within the bowl 90 (e.g., materials in the 
upper chamber and any fluid in the lower chamber 
for varying the volume of the upper chamber) and 

45 the bowl 90 itself, if such temperature is different 
from the ambient one, to move towards the am- 
bient temperature. This change in temperature may 
have an undesirable or even adverse effect on the 
material being centrifuged and/or certain constitu- 

60 ents thereof and including any additives, on certain 
reactions/processes which take place during cen- 
trifuging, and/or on the centrifuging process itself. 
A general principle of centrifuging is that 
constituents/components of a given 

55 material/mixture can be separated based upon the 
variation of their respective densities and the cen- 
trifugal forces to which such 
constituents/components are exposed. In some 
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cases, the desired constttuent/component which is 
to be separated may have a density which would 
result in the constituent being positioned inwardly 
of the rim 98 during centrifuging. Consequently, the 
above-identified potential concerns with regard to 
the change in temperature could apply throughout 
substantially the entire spectrum of the material, 
and thus across substantially the entire base 94 
(e.g.. a desired constituent positioned inwardly of 
the rim 98 to be separated and removed from the 
upper chamber of the bowl 90 may be subjected to 
the effects of the above-described change in tem- 
perature). 

The temperature control assembly 170 inter- 
acts with the base 94 of the centrifuge bowl 90 to 
substantially maintain and/or control the tempera- 
ture across the base 94, and thus substantially the 
entire spectrum of materials within the centrifuge 
bowl 90 Interacting therewith. In one embodiment, 
the temperature control assembly 170 includes a 
heat exchange plate 174. a portion of the shaft 
assembly 194, and a temperature-controlling recir- 
culator assembly 190 as illustrated in Figs. 3-5. 
Generally, the heat exchange plate 174 is attached 
to the base 94 and thus rotates with the centrifuge 
bowt 90 during centrifuging. The heat exchange 
plate 174 receives an appropriate heat transfer 
medium from the temperature-controlling recircu la- 
tor assembly 190 via a portion of the shaft assem- 
bly 194 to remove or add heat from the base 94 
and thus the spectrum of materials interacting, di- 
rectly or indirectly, therewith. The heat transfer 
medium within the heat exchange plate 174 may 
then be recirculated via the shaft assembly 194 to 
the temperature-controlling recirculator assembly 
190 for cooling or heating and subsequent use In 
the heat exchange plate 174. As can be appre- 
ciated, the temperature of any fluid from the vol- 
ume variation assembly in the lower chamber of 
the bowl 90 will also have a tendency to move 
towards the ambient temperature during centrlfug- 
ing. if different initially. Therefore, it may be desir- 
able to Incorporate an appropriate cooler/heater 
(not shown) to control the temperature of this fluid. 

The heat exchange plate 174 is appropriately 
attached to the bottom, exterior portion of the base 
94 as best illustrated in Fig. 5. In one embodiment 
the heat exchange plate 174 substantially approxi- 
mates the contour of the base 94 and has a sur- 
face which is substantially coextensive therewith. 
Consequently, heat is effectively transferred by 
conduction through the base 94 and to the surface 
of the heat exchange plate 174 coextensive there- 
with. The heat Is then removed/added from/to the 
heat exchange plate 174 by convective heat trans- 
fer, namely by the circulation of heat transfer me- 
dium through the heat exchange plate 174 as will 
be discussed in more detail below. Although a 



variety of factors may of course impact the materi- 
als selected for the base 94 and the heat exchange 
plate 174, one such factor is thermal conductivity. 
Consequently, In one embodiment the base 94 and 
5 the heat exchange plate 174 are aluminum based 
upon its relatively high thermal conductivity coeffi- 
cient. 

The heat exchange plate 174 may comprise 
only a single cavity which interfaces with the entire 
70 base 94. However, depending upon the respective 
position of the inlet and the outlet of the heat 
transfer medium on the heat exchange plate 174, 
this could result in a lack of circulation of the heat 
transfer medium along the entire surface of the 

T5 base 94. a preferential path being created between 
such inlet and outlet and stagnation areas being 
formed for the heat transfer medium. Moreover, 
under certain circumstances the heat transfer re- 
quirements may vary across the base 94 depend- 

20 Ing upon, for instance, the mass of the base 94 in a 
given region and/or the material within the cen- 
trifuge bowl 90 in a particular region. Consequently, 
In order to provide for an effective distribution of 
the heat transfer medium throughout the heat ex- 

25 change plate 174. one embodiment of the present 
invention includes a plurality of radially separated, 
discrete, and substantially annular channels 178a-e 
within the heat exchange plate 174. which are thus 
positioned radially across the base 94 as illustrated 

30 in Figs. 3-5. 

The channels 178a-e may be substantially con- 
centrically positioned about the central axis of the 
heat exchange plate 174, coinciding with rotational 
axis A of the bowl 90. and the channels 178a-e 

35 may extend about a substantial circumferential por- 
tion of the heat exchange plate 174 (i.e., being 
substantially annular). These channels 178a-e each 
receive a quantity of heat transfer medium from the 
temperature-controlling recirculator assembly 190 

40 such that the heat transfer medium may be cir- 
culated through each such channel 178a-e during 
rotation of the centrifuge. The heat exchange plate 
174 thus allows heat to be removed/added fromAo 
the base 94 at different radial positions from the 

45 rotational axis A. In order to enhance the overall 
heat transfer from the base 94 to the heat ex- 
change plate 174. the upper surface of the chan- 
nels 1 78a-e is defined by the bottom portion of the 
base 94. which allows for the direct application of a 

50 heat transfer medium to the base 94. However, it 
can be appreciated that the upper sorface of the 
channels 178a-e may alternatively be incorporated 
into the heat exchange plate 174 itself to provide a 
closed system (i.e., no direct contact of the heat 

55 transfer medium with the base 94). 

Although five channels 17da-e are illustrated in 
the embodiment of the heat exchange plate 174 of 
Figs. 3-5, the present invention contemplates using 
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one or more channels for the rotating heat ex- 
changer for accommodating recirculation of the 
heat transfer medium and preferably more than 
two. The actual number of channels will depend 
upon a variety of factors, such as the size of a 
particular centrifuge bowl 90 and/or the heat trans- 
fer requirements in a certain area. Moreover, al- 
though substantially annular channels 178a-e and 
their concentric positioning about the rotational axis 
A of the bowl 90 provides a rotational balance for 
the centrifuge, other configurations/orientations for 
the channels 178a-e may under certain circum- 
stances be appropriate. 

The actual volumetric capacity of the channels 
178a-e will depend upon a number of factors. Such 
factors may include the heat transfer requirements 
considering for instance the mass of the base 94 
coinciding therewith and the amount of materials 
within the centrifuge bowl 90 at a particular radial 
position, as well as of course the configuration of 
the heat exchange plate 174 which is again prefer- 
ably adapted to the contour of the base 94. How- 
ever, in one embodiment, channel 178a has a width 
of 0.875 inch and a depth of 0.030 inch, channel 
178b has a width of 0.250 inch and a depth of 
0.050 inch, channel 178c has a width of 0.625 inch 
and a depth of 0.050 inch, channel 178d has a 
width of 0.875 inch and a depth of 0.060 inch, and 
channel 178e has a width of 0.750 inch and a 
depth of 0.080 inch. As used herein, the term 
"width" refers to a distance across the channels 
178a-e measured along a radius extending from 
the center of the heat exchange plate 174. 

As noted above, the utilization of a plurality of 
channels I78a-e allows at least in part for an effec- 
tive distribution of the heat transfer medium 
throughout the heat exchange plate 174. In order to 
further enhance this distribution of the heat transfer 
medium, the heat transfer medium is supplied by 
the temperature-controlling recirculator assembly 
190 to the heat exchange plate 174, via a portion of 
the shaft assembly 194, through a common inlet 
182 in the heat exchange plate 174 which provides 
the heat transfer medium to each of the channels 
178a-e. The heat transfer medium is thus also 
removed from the channels 1 78a-e from a common 
outlet 186 on the heat exchange plate 174. The 
inlet and outlet 182, 186 each extend radially out- 
ward from the central axis of the heat exchange 
plate 174 for interconnection with appropriate por- 
tions of the shaft assembly 194, which again en- 
gages the central portion of the heat exchange 
plate 174. Consequently, heat transfer medium 
flows through the inlet 182 away from the central 
axis of the heat exchange plate 174, while heat 
transfer medium in the outlet 186 flows back to- 
ward the central axis. Although the sizing of the 
inlet and outlet 182. 186 may vary, in the above- 



described embodiment in which the channels 178a- 
e have the specified dimensions, the inlet 182 and 
outlet 186 each have a width of 0.250 inch and a 
depth of 0.080 inch. 
5 The geometry and the rotation of the centrifuge 

bowl 90 introduces certain requirements for provid- 
ing the necessary volume of heat transfer medium 
through each of the channels 178a-e. It may be 
necessary to make accommodations to ensure that 
10 the required flow rate of heat transfer medium is 
provided to each channel 178a-e (i.e., baffling may 
be required). This may be done by varying the 
cross-sectional area of the channels 178a-e and/or 
by varying the area at their respective inlets. In the 
75 embodiment where the channels 178a-e have the 
above-described dimensions, channel 178a thus in- 
corporates a first orifice 180a having a width of 
0.060 inch, and channels 178c. 178d incorporate 
orifices 180c, 180d, respectively, each having a 
20 width of 0.094 inch. This also desirably allows for 
regulation of the flow rate through the channels 
178a-e, and thereby provides for a further regula- 
tion of the distribution of the heat transfer medium 
throughout the heat exchange plate 174. 
25 The heat transfer medium is provided to the 

heat exchange plate 174 by a portion of the shaft 
assembly 194 as illustrated in Fig. 5. In order to 
minimize the structural changes required to adapt 
the temperature control assembly 170 to the cen- 
30 trifuge of the above-described type, the shaft as- 
sembly 194 incorporates features to allow the heat 
transfer medium to be provided to and removed 
from the heat exchange plate 174. as well as to 
allow fluid to be provided to and removed from the 
35 lower chamber of the centrifuge bowl 90 to vary 
the volume of the upper chamber by raising and 
lowering the diaphragm 102 in the above-described 
manner. The shaft assembly 194 thus generally 
includes inner, intermediate, and outer conduits 
40 198, 202, 206 such that there are three separate 
passageways available for receiving a given flow. In 
one embodiment, hydraulic fluid is provided to the 
lower chamber of the centrifuge bowl 90 through 
the inner conduit 198. Moreover, the heat transfer 
45 medium is provided to the heat exchange plate 174 
in the passageway formed between the inner and 
intermediate conduits 198, 202. which thereby ap- 
propriately interconnects with the inlet 182. Further- 
more, the heat transfer medium is removed from 
50 the heat exchange plate 174 from the outlet 186 
between the intermediate and outer conduits 202, 
206, which is thereby appropriately interconnected 
with the outlet 186. This configuration is desirable 
in that the pressure of the heat transfer medium 
55 being provided to the heat exchange plate 174, 
which in one embodiment is maintained at approxi- 
mately 45 psi. is positioned closer to the rotational 
axis A of the centrifuge bowl 90 than the heat 
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transfer medium exiting the heat exchange plate 
174, which In one embodiment is at approximately 
2 psi. This assists in increasing the life of the 
rotating seals (not shown in Fig. 5) in the seal 
assembly 150. Moreover, the coaxial nature of the s 
shaft assembly 194 in general also facilitates the 
use of the common Inlet and outlet 182. 186 for the 
channels 178a-e, which again allows for the use of 
flow regulators to further enhance distribution of the 
heat transfer medium throughout the heat ex- io 
change plate 1 74. 

The temperature-controlling reclrculator assem- 
bly 190 provides the heat transfer medium to and 
receives the heat transfer medium from the heat 
exchange plate 174 via the shaft assembly 194 and 75 
seal assembly 160 as illustrated in Fig. 5. The 
temperature-controlling reclrculator assembly 190 
may thus include appropriate pumps (not shown) 
and a heat exchanger configuration (not shown) for 
removing/adding heat from/to the heat transfer me- 20 
dium after passing through the heat exchange plate 
174. Although a number of heat transfer mediums 
may be appropriate (e.g.. mediums having a high 
convective heat transfer coefficient), in one em- 
bodiment the heat transfer medium is a 50/50 2s 
mixture of ethylene glycol and water. Advanta- 
geously, this mixture may also be used by the 
volume variation assembly such that any mixture of 
fluids from the temperature control assembly 170 
and the volume variation assembly wilt not ad- 30 
versely affect performance of either assembly. As 
previously noted, the static seal assembly 150 pro- 
vides for the appropriate fluid paths to and from the 
temperature controlling recirculator assembly 190 
and the volume variation assembly to the rotating 35 
shaft assembly 194. In this regard, the seal assem- 
bly 150 may include first, second, third, and fourth 
seal housings 154. 158, 162, 166 as illustrated in 
Figs. 2 and 5. The heat transfer medium may thus 
be provided to the shaft assembly 194 in the area 40 
between the second and third seal housings 158, 
162 and the heat transfer medium may be removed 
from the shaft assembly 194 between the first and 
second housings 154. 158. 

Although the temperature controlled centrifuge 45 
of the present invention has been described with 
regard to a variable volume configuration, those 
skilled in the art will appreciate that the tempera- 
ture control assembly 170 may be incorporated on 
a variety of types of centrifuges and/or other rotat- so 
ing apparatus. Consequently, the present invention 
encompasses the positioning of a heat exchanger 
on a rotating apparatus in which it is or could be 
desirable to maintain and/or regulate the tempera- 
ture across the base portion of the rotating appara- ss 
tus. 

The foregoing description of the invention has 
been presented for purposes of illustration and 



description. Further, the description is not intended 
to limit the invention to the form disclosed herein. 
Consequently, variations and modifications com- 
mensurate with the above teachings, and the skill 
and knowledge of the relevant art. are within the 
scope of the present invention. The embodiments 
described hereinabove are further intended to ex- 
plain best modes known of practicing the invention 
and to enable others skilled in the art to utilize the 
invention in such, or other, embodiments and with 
the various modifications required by the particular 
applications or uses of the invention. It is intended 
that the appended claims be construed to include 
alternative embodiments to the extent permitted by 
the prior art. 

Claims 

1. A centrifuge (10) comprising: 

containment means (90) for containing a 
material, the containment means (90) having a 
base portion (94) extending outwardly from a 
longitudinal axis (A), and 

drive means (130) for rotating the contain- 
ment means (90), 

characterized in that it comprises heat ex- 
changer means (174) for controlling the tem- 
perature across the base portion (94) of the 
containment means (90), the heat exchanger 
means (174) being interconnected with the 
base portion (94) and rotatable therewith. 

2. A centrifuge (10), as claimed in claim 1, char- 
acterized in that it further comprises means 
(190) for circulating a heat transfer medium 
through the heat exchanger means (174). 

3. A centrifuge (10), as claimed in claim 2, char- 
acterized in that the heat transfer medium di- 
rectly contacts the base portion (94). 

4. A centrifuge (10), as claimed in one of the 
claims 1 to 3. characterized in that the heat 
exchanger means (174) comprises at least first 
and second channel means (178 a-e) for re- 
ceiving a heat transfer medium. 

5. A centrifuge (10). as claimed in Claim 4. char- 
acterized in that the first and second channel 
means (178 a-e) are fluidly interconnected. 

6. A centrifuge (10), as claimed in one of the 
claims 4 or 5. characterized in that an upper 
surface of each of the first and second channel 
means (178 a-e) is defined by at least a part of 
the base portion (94) 
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15. A centrifuge (10). as claimed in one of the 
claims 1 to 14, characterized in that the sur- 
face of the heat exchanger means (174) sub- 
stantially approximates the contour of the base 
portion (94). 

second channel means (178 a-e) being posi- 
tioned at different distances from the axis (A). 

8. A centrifuge (10). as claimed in one of the 
claims 4 to 7. characterized in that the heat io 
exchanger means (174) comprises inlet means 
(182) and outlet means (186), the inlet means 
(182) being fluidly connected to each of the 

first and second channel means (178 a-e) to 
provide the heat transfer medium thereto, the is 
outlet means (186) being fluidly connected to 
each of the first and second channel means 
(178 a-e) to receive the heat transfer medium 
therefrom. 

20 

9. A centrifuge (10), as claimed in claim 8, char- 
acterized in that at least a channel means (178 
a-e) has an orifice means (180 a, c. d) for 
controlling the flow of the heat transfer medium 
from the inlet means (182) into the first chan- 25 
nel means (178 a-e). 

10. A centrifuge (10). as claimed in one of the 
claims 4 to 9. characterized in that a volu- 
metric capacity of the first and second channel 30 
means (178 a-e) is dependent upon portions of 

the base portion (94) coinciding with the first 
and second channel means (178 a-e). 

11. A centrifuge (10). as claimed in one of the 35 
claims 1 to 10. characterized in that it further 
comprises first conduit means (198-202) and 
second conduit means (202-206) for providing 

a heat transfer medium to and removing the 
heat transfer medium from, respectively, the 4o 
heat exchanger means (174). 

12. A centrifuge (10), as claimed In claim 11, char- 
acterized in that the first conduit means (198- 
202) and second conduit means (202-206) are 45 
coaxial. 

ia A centrifuge (10), as claimed in one of the 
claims 11 or 12, characterized in that the first 
conduit means (198-202) and second conduit so 
means (202-206) are substantially concentri- 
cally positioned about a rotational axis (A) of 
the containment means (90). 

14. A centrifuge (10), as claimed in one of the 55 
claims 11 to 13. characterized in that the first 
conduit means (198-202) is positioned inter- 
iorly of the second conduit means (202-206) 



A centrifuge (10). as claimed in one of the 
claims 4 to 6, characterized in that the first and 
second channel means (178 a-e) are substan- 
tially annular and concentrically positioned 
about the longitudinal axis (A), the first and 5 
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